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The ultrastructure of the human mucocutaneous end 
organ is described. The corpuscle is divided into sublob-
ular units comprising axon terminals surrounded by 
generally concentric lamellar processes which are de-
rived from laminar cells whose nuclei are situated to-
wards the periphery of the sublobules. Interlamellar 
substance which contains elastic tissue, collagen and 
coarse periodicity crossbanded structures intervenes be-
tween lamellar processes. Specialized zones of contact 
resembling desmosomes are found at intervals seem-
ingly connecting adjacent lamellar processes and axons 
with lamellar processes. 
The ultrastructural features of this end organ are sim-
ilar to that of the Meissner corpuscle despite minor 
differences of the light microscopical appearance, which 
supports the view that differences in sensory end organs 
are merely variations on a common organizational basis. 
A variety of nerve endings are responsible for the appreciation 
of cutaneous sensation. Intraepidermal nerve endings and the 
superficial dermal nerve network appear morphologically to 
exhibit little specific organization towards formation of an end 
organ, while Meissner corpuscles and Pacinian corpuscles are 
known to comprise a complex arrangement ofaxons and lamel-
lar cells [1-8]. The hair follicle network or end organ demon-
strates an intermediate degree of organization; the main net-
work of nerve fibers around the follicle resembles that of the 
dermis [9] but in addition, the bulb of small hairs and the bulge 
of large hairs are surrounded by a parallel stockade of fibers 
(10). The mucocutaneous areas of human skin. undoubtedly 
possess highly structured sensory end organs, whIch have been 
given the name "mucocutaneous end-organ" by ~inke~a~n 
[ll]. They are situated in the subpapillary dermIS of ciItons, 
prepuce, glans penis, lip, tongue, gum, eyelid and peri.anal ar.ea, 
but do not occur in true mucous membranes or harr bearmg 
skin. Histochemical staining of these structures shows loops of 
loosely wound branching nonmyelinated nerve fibers forming 
an irregular oval mass, surrounded by a condensation of con-
nective tissue. Several myelinated parent fibers may connect 
with the end organ or may join one end organ with another 
[10,1l]. Similar or identical structures had been previously 
described under various names including "Krause's end bulb," 
"genital end bulbs" and "Dogiel's body" [12,14]. Winkelmann 
[ll] considers that these mucocutaneous end organs occur only 
in higher primates, but are the equivalent of the encapsulated 
"mammalian end organs" which are found in the papillary 
dermis of lower mammals, and which ultrastructutally resemble 
Pacinian corpuscles [15,16]. In addition, · other specialized sen-
sory endings in lower mammals, resembling somewhat human 
mucocutaneous end organs, have been described by Patrizi and 
Munger [15]. Electron microscope studies of this ending showed 
an association of unmyelinated neurites with multiple investing 
lamellar cells which, though similar, differed in precise mor-
Manuscript received August 28, 1978; accepted for publication Oc-
tober 31. 1979. 
D.M. MacDonald was in receipt of a Wellcome European Travelling 
Research Fellowship. 
Reprint requests to: D. M. MacDonald. Department of Dermatology. 
Guy's Hospital. London SEI 9RT. 
phology from human Meissner corpuscles [3,5,15]. .Al~h?ugh 
Meissner and Pacinian corpuscles are known to have mdlvldual 
distinctive ultrastructures, the independent nature of the fine 
structure of the mucocutaneous end organ has been questioned 
[3,10,151, 
MATERIALS AND METHODS 
A skin biopsy from a localized inflammatory lesion of the glans penis 
of a 68-yr old man provided material for this study. Small pIeces of 
nonlesional skin were fixed in 2% glutaraldehyde in sodium cacodylate 
buffer. postfixed in 1% osmium tetroxide in the same buffer. embedded 
in Epoxy resin and sectioned on a Reichert OMl!-3 nu.crotome With 
glass or diamond knives. Semithin sections were s~med With me~hylene 
blue or basic fuchsin / methylene blue for light microscopy. SerIal sec-
tions were examined for the presence of mucocutaneous end organs m 
the dermis. and once found. serial ultrathin sections of the block were 
cut. These were mounted on Formvar-coated grids. stained with uranyl 
acetate and lead citrate. and examined in Hitachi HU 12A and Philips 
EM 300 electron microscopes. 
RESULTS 
In multiple serial semi thin sections the end organ lay in the 
subpapillary dermis separated from the basal layer of the 
epidermis by a band of papillary dermal collagen. At low 
magnification it consisted of an oval mass of homogenous 
appearance which stained very pale blue in methylene blue 
stained sections and rose pink in basic fuchsin/methylene blue 
stained sections. Nuclei, staining deep blue, were situated pre-
dominantly at the periphery of the mass and varied from 1 to 
8 in number in various serial sections. At higher magnification 
the structure showed a tendency to lobulation with nuclei 
situated at the edge of the lobular subdivisions. A faint lamellar 
pattern of the homogenous mass could be discerned with diffi-
culty at high magnification (x 100) and small oval or round 
more deeply pink staining (in basic fuchsin/methylene blue 
stained sections) bodies could be seen within the lobules. These 
were presumed to be axon terminals. Nerve bundles were 
evident in the vicinity of the end organ. 
Ultrastructurally. at low magnifications, the corpuscle ap-
peared as a relatively homogenous mass of medium electron 
density whose structural elements showed poor contrast one 
from another. The division of the corpuscle into sublobular 
units and the position of cell nuclei at the periphery of the 
lobules was evident (Fig 1). A degree of collagen condensation 
around the corpuscle was observed but there was no true 
encapsulation. Several myelinated and occasional unmyelinated 
nerve fibers were present in the vicinity of the corpuscle and, in 
some sections, the association between elements of the end 
organ and myelinated fibers was obvious (Fig 2). 
Higher magnification showed the structure to comprise 2 
types of cells, namely axons and laminar cells (Fig 3). The 
nuclei of laminar cells were invariably situated at the periphery 
of the sublobular units and were round, oval or fusiform in 
shape (Fig 1) . The perinuclear cytoplasm showed well-devel-
oped rough endoplasmic reticulum, numerous free ribosomes. 
a relatively small number of moderately dense mitochondria 
and scattered round electron dense bodies (Fig 4). Cytoplasmic 
lamellar processes extended from one or both poles of the 
nuclear part of the cell (Fig 5) and frequently branched so that 
a single cell was sometimes seen to give rise to several lamellae. 
The lamellar processes were disposed roughly concentrically 
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FIG 1. Mucocutaneous end organ (x 3,300). Condensations of collagen and elastic t issue surround the lobular structure which is divided into 
sublobular units. Cell nuclei are situated peripherally. A = Axon, N = Laminar cell nucleus. 
FIG 2. Myelinated nerves in vicinity of end organ (x 5,000). 
and parallel to each other around the axons (Fig 3). Occasionally 
lamellae encircling opposite sides of the axon were seen to arise 
from the same cell (Fig 3). The cytoplasmic processes of the 
lamellar cells were of varyirIg thickness with a minimum of 600 
A. A basement membrane of approximately 300 A surrounded 
individual laminar cells (Fig 5) but was sometimes difficult to 
discern as it merged with a substance of similar electron density 
which intervened between lamellae. Electron dense zones, re-
sembling hemidesmosomes, were present at intervals along the 
border of t he laminar cells (Fig 5) and occasionally 2 such zones 
on adjacent laminar cells seemed to form specialized interla-
mellar contacts reminiscent of desmosomes (Fig 6) . These des-
mosome-like bodies were also seen between the tips of lamellae 
which encircled axons and between lamellae and the axons 
themselves (Fig 4, 6) . Innumerable pinocytotic vesicles of 400-
600 A were also readily visible along the border of the lamellae 
(Fig 6) but were not prominent in the perinuclear region of the 
cell. In addition to micro tubules, sparse mitochondria were 
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present in the thicker lamellae; these were most frequently 
elongated in shape with large well-defined electron dense cristae 
(Fig 4, 6, 8) . 
Axons were seen as prominent, roughly spherical or oval 
nerve terminals containing microtubules and numerous small 
relatively electron dense mitochondria whose internal structure 
was frequently not clearly defined (Fig 3, 4, 6). Structures of a 
similar size resembling myelin figures were occasionally seen 
FIG 3. Lamellar processes (L) of laminar cells encircling axons (A). Axons contain small dense mitochondria. Cross banded bodies (C) are 
present in the intercellular substance. 
FIG 4. Laminar cells surrounding axons (x 16,000). The perinuclear cytoplasm contains prominent rough endoplasmic reticulum (R) free 
ribosomes, few dense mitochondria (M) and electron dense bodies (E) . Some lamellar processes contain sparse elongated mitochondria. 
Desmosome-like contacts (D) are seen between axons and lamellar processes. 
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FIG 5. Nuclear area of laminar cell (x 16,000) giving rise to lamella!' processes from both poles. The border of lamellar processes shows 
hemidesmosome (H)-like thickenings and is invested by basement membrane (BM). The intercellular substance contains cross banded bodies 
(C) . 
FIG 6. Axon and lamellar processes (x 50,000). Desmosome-like structures (D) occur between adjacent la mellar processes and between axon 
and lamellar process. Microtubules (V) are present in cytoplasm of laminar cells. Pinocytotic vesicles (PV) lie along the border of lamellar cells. 
MA = Axon mitochondrion. 
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(inset, Fig 7). Dense bodies of irregular structure were also 
rarely observed-their appearance was intermediate between 
that of the mitochondria and the myelin-like bodies (Fig 7). 
Axon cylinders were also visible, usually seen in the sections as 
elongated oblong structures possessing numerous parallel lon-
gitudinal neurotubules and few mitochondria. In one section an 
axon cylinder apparently connected 2 different nerve terminals 
(Fig 7). Axons were invariably invested by laminar cells with 
occasional desmosome-like zones of contact between the 2 (Fig 
4,6,7). 
Intercellular spaces within the corpuscle contained an amor-
phous or micro granular material of moderate electron density 
FIG 7. "Female type" nerve terminal (x 28,000). The dumb ell configuration may be a sectioning artefact. AC = Axon cylinder; MA = Axon 
mitochondrion, D = Desmosome-like structure, T = Neurofilament. Inset , Myelin figure (x 100,000). 
FIG 8. Detail of interceUular substance (ICS) (X 25,0(0). F = CoUagen fibres, C = cross banded body. 
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comparable to that of the basement membrane with which it 
sometimes seemed to merge. Towards the center of lobular 
subunits this substance was structureless but more peripherally 
contained fusiform elongated bodies comprising bundles of fine 
fIlaments of 25-50 A arranged longitudinally with transversely 
arranged electron dense coarse cross banding of 1300 A period-
icity (Fig 3,8). These structures were abundant in the intercel-
lular material. In addition scattered collagen fibers of varying 
diameter singly or in bundles were present, particularly towards 
the periphery of the corpuscle (Fig 8) and in these areas elastic 
fibers were also visible. A degree of collagen and elastic conden-
sation was apparent in the immediate vicinity of the end organ 
(Fig 1, 3). 
DISCUSSION 
Mucocutaneous end organs of highly organized structure are 
known to occur in primates and lower mammals. In the latter, 
ultrastructural study has revealed 2 morphologically different 
types of encapsulated end organ, one resembling Pacinian cor-
puscles [15,16] and the other, whose structure is less symmetr-
ical, bearing some similarity to Meissner corpuscles [15]. The 
human mucocutaneous end organ has been considered to differ 
in morphology from those oflower mammals [11] and to occur 
in only one morphological form. The existence of more than 
one type, as in lower mammals, is possible however as the 
ultrastructure of these end organs has never previously been 
defined. 
The ultrastructural features we have observed suggest that 
some or all mucocutaneous end organs are identical to Meissner 
corpuscles [2-5] despite minor differences of light microscopic 
appearance. The human genital mucocutaneous end organ is, 
therefore, not specific in its morphology, although it differs 
from those of lower mammals in lacking a capsule and in its 
precise architecture. The range of morphological structure of 
mucocutaneous end organs in mammals is consequently 
widened and supports the argument that differences' in sensory 
end organs are merely variations on a common organizational 
basis [3,10,15]. 
Nerve terminals within the end organ show the features 
previously described in Meissner corpuscles, including small 
dense mitochondria and microtubules. We have also observed 
desmosome-like areas of membrane specialization between axon 
and lamellar cells which may subserve a synaptic function. 
Similar desmosome-like areas were also obvious between adja-
cent lamellar cells and hemidesmosome-like membrane thick-
enings were seen in isolation at points along the cell border. 
While such structures may perform a mechanical function, it is 
also possible that they are associated with conduction of sensory 
impulses. The lamellar organization may act as the primary 
receptor giving rise to action potentials consequent on distortion 
of its architecture. Alternatively, the parallel, more or less 
concentric configuration may produce amplification or modu-
lation of the action potential. 
Considerable debate surrounds the precise origin of the la-
mellar cells in Meissner corpuscles. Some authors consider that 
they represent modified Schwann cells [2,5] while others regard 
them as perineural in origin [17,18]. The morphological aspects 
we have observed suggest a relationship to Schwann cells. 
Unfortunately the observation of corpuscles in various stages 
of development has proved extremely difficult [3]. 
Pinocytotic vesicles along the border of lamellar cells may 
subserve the function of nutrition and excretion and are in 
direct communication with the interlamellar substance which 
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may act as a milieu for transfer of metabolites. Interlamellar 
substance, containing peripherally, coarse-periodicity cross-
banded structures, collagen and elastic tissue, probably also 
provides mechanical support for the end organ. 
Coarse periodicity cross-banded structures have been fre-
quently found in normal and abnormal nerve tissue [19-22] and 
particularly within Meissner corpuscles [2,3,5]. Their precise 
nature and function is ill understood. Similar structures have 
been found in the stroma of a variety of lesions including 
cutaneous tumours, amyloidosis [23] and scleroderma [24]. 
The finding of expanded nerve terminals apparently con-
nected by an axon cylinder is reminiscent of certain features 
observed in Meissner corpuscles by Cauna and Ross [2] who 
designated such endings "female type" as they were seen prin-
cipally in sections of tissue from female volunteers. Weare of 
the opinion that this appearance is more likely to be an artefact 
of sectioning and that the application of Cauna and Ross' 
terminology would in this instance be particularly inappro-
priate. 
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